Antibodies were raised against homogeneous preparations of component C of the methylreductase system from Methanococcus voltae and Methanobacterium thermoautotrophicum. Cells of these organisms were fixed with paraformaldehyde and/or glutaraldehyde, sectioned, and labeled with antibodies and colloidal gold-labeled protein A. In M. voltae the gold particles were predominantly located in the vicinity of the cytoplasmic membrane. In rare cases a similar result was obtained also with M. thermoautotrophicum. However, in all but a few of the ultrathin sections of this bacterium, the label was randomly distributed in the cell interior. If one assumes a reliable fixation of all cell components, these results would suggest that the two distantly related methanogens studied have distinctive patterns for the localization of component C. The results with M. volae are in agreement with recent findings that the methylreductase system is involved in the generation of a proton-motive force at the membrane.
CH3S-CoM + H2
CH4 + HS-CoM. Protein components: Al, A2, A3, C Cofactors: component B, F430, others Component C has been purified to homogeneity from Methanobacterium thermoautotrophicum as well as from Methanococcus voltae and consists of three types of subunits in an a292y2 configuration (5, 6) . It contains 2 mol of the nickel tetrapyrrole F430 (7) . Recently new interest in this complex methylreductase system has come from another direction. Evidence was obtained that in the course of the methylreductase reaction, a proton-motive force is generated at the cytoplasmic membrane, which subsequently is used for ATP synthesis (8, 9) . Therefore, it could be postulated that in methanogens the intact methykreductase system may be located in association with the cytoplasmic membrane. However, experimental evidence for this kind of location is lacking. After the disruption of cells of methanogenic bacteria, component C always has been detected only in the soluble fraction. Was this protein detached from the membrane in the course of cell disintegration or is it a true cytoplasmic protein? By use of antibodies raised against component C (M. thermoautotrophicum) or against the subunits of component C (M. voltae), we have undertaken to study the location of this methylreductase constituent in these organisms.
MATERIALS AND METHODS
Organisms and Culture Conditions. M. voltae (DSM 1537) and M. thermoautotrophicum strain AH (DSM 1053) were grown on H2/CO2, 80:20 (vol/vol), in medium described previously (1) . Cells were harvested with a Sharples centrifuge and stored at -20°C in anoxic 50 mM potassium phosphate (pH 7) that contained 10 mM 2-mercaptoethanol.
Preparation of Component C of the Methylreductase System. M. thermoautotrophicum. Anoxic conditions were maintained during enzyme fractionation. Buffer solutions were made anoxic by sparging with N2 at 400 ml-min`-l4iter-' for 1 hr, followed by addition of 2-mercaptoethanol to a final concentration of 10 mM. Frozen cells (328 g) were thawed slowly and passed through a French pressure cell at 1 x 105 kPa. Preparation of cell extract and initial enzyme fractionation on DEAE-cellulose have been described (5) . Component C from DEAE-cellulose fractionation was resolved from component A activity on phenyl-Sepharose (10) . The voidvolume fractions containing component C were pooled and loaded on chelating Sepharose 6B (Pharmacia) equilibrated with 1 M potassium acetate/20 mM potassium phosphate, pH 7.2 (buffer A), and charged with CUSO4 (2.5 mg/ml of solution). A linear gradient of 0-50 mM imidazole in buffer A was applied. Component C was eluted with 20 mM imidazole. The enzymic activity was determined in the methylreductase assay (10) . Structural features of the protein and criteria for purity have been presented (5) .
M. voltae. Preparation of crude lysates, cell extracts and enzyme purification have been described previously (6) .
Characterization of Antibodies. M. thermoautotrophicum. Antibodies to component C in Freund's complete adjuvant were elicited in rabbits. Serum was treated with sodium dextran sulfate (final concentration, 0.25%) and CaCl2 (final concentration, 1%) to remove lipoprotein (11) . The serum was then centrifuged at 16,000 x g for 20 min, and the supernatant was removed. The IgG fraction was purified by ammonium sulfate precipitation (12) , followed by chromaAbbreviations: HS-CoM, coenzyme M (2-mercaptoethanesulfonic acid); CH3S-CoM, 2-(methylthio)ethanesulfonic acid.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. tography on DEAE-cellulose. The IgG fractions found in the void volume were concentrated, further purified by protein A-Sepharose column chromatography, and titrated with homogeneous component C as well as with control proteins.
M. voltae. Antibodies against the subunits of component C from M. voltae were raised in rabbits as described (6) .
Ouchterlony Immunodiffusion. Double immunodiffusion tests were performed as described (13) . Purified enzyme samples were used for testing of antiserum specificity. Crude extracts served as samples for the analyses ofcross-reactivity between the two enzyme-antiserum systems.
Immunoblotting and Double Immunoprecipitation. Enzyme samples prepared by NaDodSO4/PAGE in 10% polyacrylamide (14) were blotted onto cellulose nitrate filters as described by Towbin et al. (15) . The specificity of the respective antisera was demonstrated by the fluorescein isothiocyanate technique, after incubation with the respective IgG antibodies, and with the "golden blot" technique (16) . Gels were stained by the Neuhoff technique (17) .
Determination of the Fixation Conditions for Electron Microscopic Immunocytochemistry. The preservation of the antigenicity of the enzyme samples in the presence of increasing concentrations of aldehydes was tested as described (18) .
Electron Microscopy. Ultrathin sections were cut from samples fixed with adjusted aldehyde concentrations, prepared by application of the Lowicryl low-temperature technique (19, 20) . Fixation was performed at room temperature, at 370C, or at 650C and under aerobic or anaerobic conditions.
Freeze-etching preparations of M. thermoautotrophicum were obtained after aliquots of bacterial pellets were frozen without addition of cryoprotectants at -160'C in Freon (Fig. la) . The same finding was obtained for the M. voltae system (data not shown). Cross-reactions between the two systems were not observed.
The specificity of the reactions was further documented by studying the labeling of the enzyme subunits. It is apparent from Fig. 2 that the IgG fraction of the specific antiserum raised against component C from M. thermoautotrophicum reacted with the larger two ofthe three polypeptide types; the smallest subunit type was not labeled. This finding contrasted with that obtained for the M. voltae component C. There, all three polypeptide types were labeled.
Immunocytochemical Localization of Component C. The antigenicity of the enzyme isolated from M. thermoautotrophicum was preserved after incubation with glutaraldehyde as seen in Fig. lb ; even in the presence of 3% (vol/vol) glutaraldehyde, a reaction was observed. Therefore, information about the location of component C in cells could be expected from experiments in which cells were fixed with glutaraldehyde and subsequently sectioned and treated with antibodies and protein A-gold. The same holds true for M. voltae (data not shown).
To prevent the enzyme within the cell from being dislocated from its in situ location, prior to labeling, the Lowicryl low-temperature embedding technique (20, 21) was applied for the preparation of samples for ultrathin sectioning. This approach implied that the localization procedure was performed in the post-embedding version (19) , without cell rupture. Because it is known that-depending on the growth phase-membrane-associated enzymes may be found in varying amounts also in the cytoplasm (23) , aliquots of the cultures of organisms taken from different growth phases were used for the localization experiments.
M. voltae. The results of labeling experiments with this organism are shown in Fig. 3 a- that component C of the methylreductase system is associated with the cytoplasmic membrane and not with any other envelope structures. It should be mentioned in this connection that intracytoplasmic membrane structures could not be detected on the ultrathin sections inspected.
M. thermoautotrophicum. In cells of M. thermoautotrophicum, a distribution of the label as seen in M. voltae was observed only rarely (Fig. 3e) . Usually, in cells taken from different growth phases, the enzyme appeared to be scattered over most of the surface of the ultrathin cell sections (Fig.  3d) . The intracytoplasmic membrane system present in this bacterium (Fig. 3 g-i) was not found to be predominantly labeled. Rows or chains of the colloidal gold as shown in the inset of Fig. 3d were frequently depicted. However, they were not specifically aligned along clearly discernible intracytoplasmic membranes.
Quantitative evaluation of samples taken from different growth phases revealed a similar distribution of the gold label. A comparison of H202-etched sections with sections where etching prior to labeling was omitted indicated that the intensity of labeling per averaged cell section area was about 30% higher for etched sections. This may be due to more exposed antigenic sites caused by the etching procedure.
By assuming an accessibility of exposed antigenic sites at the surface of the ultrathin sections for a depth of 10 (18, 24) , to an enzyme located in the periplasmic space of Escherichia coli (20) , and to the identification and localization of peroxisomal matrix enzymes (23) . Tommassen et al. (25) were dramatic and unequivocal. In contrast, the cytoplasm of M. thermoautotrophicum exhibited a random distribution of component C. In rare cases component C was observed to be more concentrated at the periphery of the cell; however, the results of a series of controls clearly documented random distribution.
The clear-cut localization of component C in the vicinity of the cell membrane in M. voltae indicates that component C of the methylreductase system may be membrane-associated. This is interesting in the light of the recent finding that the reduction of the methyl group of methanol to methane by Methanosarcina barkeri is coupled to the generation of a proton-motive force at the cell membrane and to ATP synthesis (8, 9), a result that implies a membrane association of one ofthe components of the methylreductase system. The findings obtained with M. thermoautotrophicum are difficult to interpret. It cannot be excluded that aldehyde fixation of component C was not effective at the organism's growth temperature because of secondary reactions of the aldehyde or that a possible membrane association of the enzyme was already abolished when fixation was done at room temperature. In addition, one has to bear in mind that overproduction of component C might contribute to the amount of label found in the cytoplasm. Not excluded is the possibility that principal differences exist with respect to the mechanism of energy conservation in M. thermoautotrophicum on one side and M. voltae and M. barkeri on the other.
Recently experiments were reported that indicated an independence of ATP synthesis from a proton electrochemical gradient in M. voltae (26) as well as M. thermoautotrophicum (27) . In both instances "localized" proton gradients might account for the observed continuation of ATP synthesis in the presence of protonophores.
